ABSTRACT: Southeast Asians have higher liver cancer rates than any other racial/ethnic group in the US. Approximately 80 percent of liver cancers are etiologically associated with hepatitis B virus (HBV) infection which is endemic in Southeast Asia. An in-person survey of Cambodian women (n = 320) was conducted in Seattle, Washington, during 1999. The questionnaire included items about HBV knowledge, beliefs, and practices. Prior to being provided with a description of the disease, only about one-half (56 percent) of our respondents had heard of HBV infection. Less than one-quarter (23 percent) of the study group thought that asymptomatic individuals can transmit the disease to others. Most thought that HBV infection can cause liver cancer (54 percent) and death (72 percent). However, a minority thought that infection can be lifelong (24 percent) and incurable (15 percent). Only 38 percent reported they had been serologically tested for HBV. Finally, of those who had been tested and thought they were susceptible, two-thirds (67 percent) had not been vaccinated. Lower levels of education were associated with lower levels of HBV knowledge and serologic testing. Our findings suggest that Cambodian immigrants have low levels of HBV knowledge, serologic testing, and vaccination; and demonstrate a need for targeted educational interventions aimed at reducing HBV-related liver cancer mortality among Southeast Asian communities.
INTRODUCTION
By 1990, census data indicate there were over one million Southeast Asians (including approximately 150,000 Cambodians) living in the United States (US). 1 The majority of Cambodians left their country as refugees following the political and personal persecution imposed by the Khmer Rouge regime during the mid-1970s, and were relocated to North America from Thailand and the Philippines. 2, 3 Compared to the general US population as well as other Asian groups, Cambodian immigrants are both economically disadvantaged and linguistically isolated: nearly onehalf of Cambodians live below the poverty level and over 90 percent speak Khmer at home. 1 Cambodia is a largely agrarian society and, before the revolutionary period, the majority of Cambodians lived in rural or semirural settings. 4 Therefore, immigrants from Cambodia are particularly unfamiliar with Western culture, institutions, and biomedical concepts of prevention. 5, 6 While hepatocellular carcinoma (HCC) is an uncommon tumor among individuals born in the US, it is the most common malignancy in many Asian countries. 7, 8 Emerging cancer registry data show that Southeast Asian men have a substantially elevated risk of liver cancer when compared to all other racial/ethnic groups in the US. 9, 10 California data for 1988-92 indicate that the incidence rate among Southeast Asian males is 39.4 per 100,000, compared to 3.1 among non-Latino whites. 9 The maleto-female HCC incidence ratio is biased toward men in all populations (the reasons for this gender discrepancy are not resolved). 11 However, Southeast Asian women are also at increased risk. Specifically, the following female liver cancer incidence rates were reported from the California cancer registry: Southeast Asians, 8.0 per 100,000; all Asian races combined, 5.1; and non-Latina whites, 1.1. 9 About 80 percent of HCCs are etiologically associated with hepatitis B virus (HBV) infection which is endemic in Southeast Asia. [12] [13] [14] Up to 60 percent of immigrants from Southeast Asia have serologic evidence of past HBV infection, while 40 percent remain susceptible to infection (and should be vaccinated against the disease). 12 Further, up to 15 percent are chronic carriers (compared to less than 1 percent of the general US population): these individuals can transmit the disease to others and are at considerable risk of developing chronic acute hepatitis and cirrhosis, as well as liver cancer. 12, 15, 16 In Asia, transmission of the virus usually occurs vertically at birth. 13, 14 However, several serologic studies conducted in the US show that the prevalence of previous HBV infection increases steadily from birth through age 20 in Asian immigrant communities. 17, 18 Therefore, it is clear that horizontal transmission, through close contact with family members and friends, also contributes to high infection rates among Southeast Asian immigrants. 17, 19 Finally, Cambodian adults are at consider-able risk of HBV infection from sexual activity with other members of their community. 20, 21 Health education programs for immigrant groups should be based on a thorough understanding of the target population's knowledge, beliefs, and practices. 22 However, there is currently little published information about the hepatitis B-related health behavior of Southeast Asian immigrants. We recently conducted a community-based survey of Cambodian American women in Seattle, Washington. In this report, we describe the respondents' knowledge and beliefs with respect to the transmission of HBV and the possible sequelae of infection, as well as their hepatitis B serologic testing and vaccination history.
METHODS

Overview
The data reported in this article were collected during the course of a randomized controlled trial to evaluate the effect of an intervention to increase Pap testing use among Cambodian refugees. The study design involved surveying Cambodian women, aged 18 and older, on two occasions. At the time of the 1999 follow-up survey, participants were asked to complete a series of questionnaire items about HBV (the intervention did not address hepatitis B or liver cancer). Our baseline survey methods have been reported in detail elsewhere. 23 Four hundred and thirteen women completed the baseline questionnaire. The total estimated response rate was 73 percent and the cooperation rate (i.e., the response rate among reachable and eligible households) was 89 percent. Three hundred and twenty (77 percent) of the 413 women who participated in the baseline survey also completed the follow-up survey. Therefore, the estimated overall response rate with respect to the hepatitis B questions was 56 percent (i.e., 77 percent of 73 percent).
Study Sample
In Seattle, the Cambodian population is concentrated in the central and south regions of the city. 24 In this project, we sought to recruit a representative sample of Cambodian women living in these regions. We developed a sampling frame using multiple sources of data on households located in the target areas. Households were identified from the following sources: electronic listings of all Asian clients of the Seattle Housing Authority and King County Housing Authority, a computer database of motor vehicle licenses from the State of Washington, and two CD-ROM telephone directory databases. From these sources, we selected households with zip codes corresponding to the target regions and linked the records to a database of Cambodian last names.
Survey Recruitment
We followed the same recruitment procedures for the baseline and follow-up surveys. Firstly, the surveys were publicized through Khmerlanguage posters distributed in community settings (e.g., Cambodian owned grocery stores and laundromats). Additionally, introductory letters, printed in both Khmer and English, were mailed to each household. All interviews were conducted in respondents' homes by bilingual, bicultural Cambodian women. Survey participants were given a small token of appreciation for their time (a calendar featuring traditional Cambodian scenes at baseline, and $5 at follow-up), and were given the option of completing questionnaire items in either Khmer or English.
Survey Items
Three demonstration projects, aimed at increasing childhood HBV immunization rates among Asian and Pacific Islander populations, were recently funded by the Centers for Disease Control and Prevention. 17 These projects, which are based in Hawaii, Philadelphia, and San Diego, all developed survey instruments for program evaluation purposes. Many of our hepatitis B questions were either taken verbatim or adapted from these instruments. Our HBV questionnaire was developed in English, translated into Khmer, back-translated to ensure lexical equivalence, reconciled, then pretested. 25 Previous pilot work with the Seattle Cambodian community, conducted in 1990, showed that translations of the term hepatitis B were unfamiliar to Cambodians, while the symptoms of infection were well known. 16 Therefore, we first asked about recognition of the term hepatitis, and then reframed the question in terms of its symptoms. Specifically, participants were asked whether they had ever heard about a disease or virus called hepatitis B. If they responded no or were unsure, they were read the following statement before the interviewer continued with other questions: "The disease or infection called hepatitis B is a liver problem that makes the skin and eyes go yellow." Respondents were queried about previous serologic testing for HBV as well as vaccination against the disease. Eight questions addressed knowledge about the transmission of HBV, and four items addressed the possible sequelae of infection with the virus (Table 2) . Participants were also asked if any of their family members were chronically infected with HBV, and whether they would want to be treated with traditional Cambodian medicine, Western medicine, or both types of medicine if they had liver disease. Finally, the questionnaire included several sociodemographic (i.e., age, marital status, and education) and acculturation (i.e., years in US and age at immigration) items. Because most Cambodian women have little formal education, we made the response options for our survey items as simple as possible. Specifically, with a few exceptions, the response options were as follows: yes, no, and don't know/not sure.
Data Analysis
We computed a knowledge summary score for the 12 questions addressing disease transmission and the sequelae of infection. These scores consisted of the total number of correct answers; therefore, the maximum possible score was 12. Bivariate associations were examined using either a Student's t-test or chi-square test (or a Fisher's exact test, when necessary).
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RESULTS
Study Group Characteristics
The mean age of the study group was 49 years. On average, the survey participants had only three years formal education, had lived in the US for 15 years, and were 34 years old at the time of immigration. Just under one-half (46 percent) were currently married. Ninety percent thought liver disease should be treated with Western medicine and 8 percent reported they had family members chronically infected with HBV (Table 1) .
Hepatitis B Knowledge
Prior to being provided with a description of the disease, only 56 percent of the respondents reported they had ever heard of HBV infection. Table 2 summarizes responses to the questions addressing transmission and sequelae. Less than one-quarter (23 percent) of the study group knew that asymptomatic individuals can transmit the disease to others, and only 2 percent knew that HBV is more easily spread than the AIDS virus. Proportions of correct responses to other items addressing methods of transmission ranged from 11 percent to 69 percent. The majority of our survey participants knew that HBV infection can cause liver cancer (54 percent) and death (72 percent). However, only a minority knew that infection can be lifelong (24 percent) and incurable (15 percent). The average summary knowledge score was 4.8 (standard deviation: 2.6).
Serologic Testing
One hundred and twenty three (38 percent) of the women knew they had been serologically tested for hepatitis B. Of these 123 respondents, 96 (78 percent) reported they had no evidence of HBV infection (i.e., were susceptible to the disease), nine (7 percent) were chronic carriers, and 12 (10 percent) indicated they were immune (i.e., had previously been infected with HBV but were not carriers). The remaining women did not know the results of their blood test. Finally, only one-third (33 percent) of the women who indicated they were susceptible to disease had received the HBV vaccine (Figure 1 ). 
FIGURE 1
Summary of hepatitis B testing and vaccination.
Bivariate Comparisons
Four variables were associated with having heard of HBV (before the disease was described in terms of symptoms): younger age, higher educational level, younger age at immigration, and having family members who were chronic carriers (Table 3) . Table 4 summarizes the bivariate results for the knowledge summary score. The following were associated with higher levels of knowledge: more years of education, preferring Western medicine for the treatment of liver disease, and having family members chronically infected with HBV. As shown in Table 5 , only two variables were associated with serologic testing for HBV: higher educational level and having chronically infected family members.
DISCUSSION
Our results document low levels of knowledge about HBV infection among Cambodian women living in Seattle, Washington. Specifically, we found that nearly one-half of the survey respondents were not familiar with "the disease or virus called hepatitis B" until it was explained to them in terms of "a liver problem that makes the skin and eyes go yellow." In a previous ethnographic study, Cambodian refugees could describe the symptom complexes associated with acute and chronic hepatitis, but were not familiar with biomedical terminology. 16 Further, the majority of our respondents did not know that asymptomatic individuals can spread HBV or that sexual intercourse with an infected person can result in hepatitis B. Finally, less than one-quarter thought hepatitis B infection can be lifelong or that HBV disease can be incurable.
We have previously reported our findings from a telephone survey of 75 Vietnamese men and women in Seattle. This study focused on HBV knowledge and did not address serologic testing and vaccination. Levels of knowledge among the Vietnamese sample, while low, were somewhat higher than among this Cambodian study group. For example, 67 percent of the Vietnamese respondents had heard of HBV, 27 percent knew hepatitis B is more easily spread than AIDS, and 58 percent knew asymptomatic individuals can spread HBV. 27 McPhee et al. found that 52 percent of Vietnamese in northern California and 56 percent of Vietnamese who responded to a survey conducted in Houston, Dallas, and Washington DC had ever heard of hepatitis B. 28 Vaccines that are effective in preventing hepatitis B infection and 21, 29, 30 The US Preventive Services Task Force has proposed a comprehensive strategy for interrupting the transmission of HBV through vaccine use. This group's recommendations include screening pregnant women for evidence of chronic HBV infection (to identify infants needing specific immunoprophylaxis), routine immunization of infants, and HBV vaccine for adolescents and young adults not previously immunized. The recommendations also specify that adults from high risk groups (e.g., immigrants from areas of high HBV endemicity) should be serologically tested for hepatitis B and then immunized, if susceptible to infection. 29 However, recent studies indicate that the majority of Asian American children in the 5-18 age-group have not received the HBV immunization series. 17, 28 We found that only 38 percent of the Cambodian women in our study reportedly had been serologically tested for HBV, and the majority of susceptible women had not been vaccinated.
A strength of the reported study is that we used a communitybased sample. However, there are several limitations that should be recognized. First, it is unclear to what extent our findings would be generalizable to other geographic regions or Cambodians who do not live in neighborhoods with a high proportion of Southeast Asians. Second, it is possible that women who chose not to participate in our study may have had different HBV knowledge and practices than our respondents. Last, self-reports of hepatitis B serologic testing and vaccination may be inaccurate due to faulty recall.
There is a clear need for effective interventions to reduce HBVrelated liver disease and cancer mortality in Southeast Asian communities. McPhee and his colleagues recently developed, implemented, and evaluated a multifaceted HBV intervention program targeting one Vietnamese community in northern California. This program included a media-based, community outreach campaign combined with a physician office intervention. Following a one-year intervention, the percentage of adults who had heard of hepatitis B increased from 52 percent to 85 percent (p < 0.001) and the percentage who had received serologic testing increased from 24 percent to 48 percent (p < 0.001). Additionally, the childhood hepatitis B immunization rates increased from 41 percent to 61 percent (p < 0.05) as a result of the intervention. 28 Future research should examine alternative methods for delivering contextually and linguistically appropriate health education messages about HBV infection to Cambodian populations in the US. Our findings suggest that such efforts might usefully focus on modes of HBV transmission as well as the importance of serologic testing and vaccination, particularly among the least educated.
